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The Russian nickel refineries located in the cities of Nikel and Zapolyarny close to the
Norwegian border are responsible for extensive sulfur dioxide and nickel pollution, as well as
severeecological damage in both countries. The aimofourstudywas to investigate humannick-
el exposure in the populations living on both sides of the Norwegian-Russian border. The
design was a cross-sectional population-based study ofadults aged 18-69 years residing in Sor-
Varanger municipalibty, Norway, and Nikl and Zapolyarny, Russia, during 1994 and 1995.
Individual exposure to nickel was assessed bymeasurements ofnickel in urineusing electrother-
mal atomicabsorptionspectrometry. Forcontrols, urine was collected fromadults inthe Russian
cities ofApatityandUmba (KolaPeninsula) and theNorwegian cityofTroms., all ofwhich are
locations without nearby point sources of nickel. Altogether 2,233 urine specimens were
analysedfor nicke. People living in Nikel had thehighestconcentrations (median3.4 pg/l), fol-
lowed by Umba (median 2.7 pg/1), Zapolyarny (median 2.0 pg/I), Apatity (median 1.9 pll),
Troms" (median 1.2 p/l), andSor-Varanger (median 0.6 pg/1). Regardless ofgeographical loca-
tion, the Russian study groups all had a higher urinary-nickel average than those in Norway
(p#o.oo0). with the excepition ofNikel, neither the Russian nor the Norwegian urinary-nickel
levels were associatedwith residence location near a Russian nickel refinery. We conduded that
industrial nickel pollution alone could not explain the observed discrepancy between Norway
and Russia; we also discuss other possible nickel exposure sourcesthat mayaccount for the high
urinary levels found in Russia. Key wordk air pollution, environmental epidemiology, exposure
assessment, industrial emissions, nickel, Norway, occupational exposure, Russia, smoking, urine.
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During the last decade, much attention has
been allotted to the industrial air pollution
in the Norwegian-Russian border area. The
Kola Peninsula, Russia, features an extensive
metal-refining industry, with nickel being
the metal of greatest importance. Large
nickel ore processing plants and refineries
have been built up in the cities of Nikel,
Zapolyarny, and Monchegorsk (Fig. 1), and
this activity causes extensive environmental
sulfur dioxide (SO2) and metal pollution. In
Sor-Varanger, a municipality on the
Norwegian side of the border, pollution
from the neighboring plants in Nikel and
Zapolyarny has been the subject of great
public and political concern. According to
the official Russian emission data, 297 tons
ofnickel and 198,368 tons ofSO2 were dis-
charged from the operations in Nikel and
Zapolyarny in 1994 (1).
In 1988, a comprehensive research pro-
gram on environmental pollution effects in
the border area was initiated as a Russian-
Norwegian collaborative project. Monitoring
ofair qualityshowed that forSO2, theWorld
Health Organization (WHO) Air Quality
Guidelines were frequently exceeded, espe-
cially on the Russian side ofthe border, while
levels ofsuspended partides were below cur-
rent guidelines (2,3). Serious damage to the
vegetation due to SO2 effects was evident in
an area of 3,000 km2 around the emission
sources (4), most conspicuous being the
dead forest in dose proximity to the refiner-
ies. The deposition patterns of nickel
showed an increasing gradient toward the
emission sources (Fig. 2). Increased nickel
levels were found in parenchymal organs of
caribou and moose in Sor-Varanger (5), as
well as in cloudberries, mosses, and lichens
(6). Rivers in the area have also been conta-
minated by nickel (7). To date, few studies
have focused on human exposure and possi-
ble health effects in relation to the industrial
pollution described.
The overall objectiveofour Norwegian-
Russian cooperative study was to investi-
gate both the exposure of selected popula-
tions and possible health effects from the
nickel and SO2 pollution in the border
area. For this study, our purpose was to col-
lect data on urinary levels of nickel as a
measure of exposure to assess the impor-
tance of the local nickel industry as an
exposure source for people in the border
area. To do this, we not only analyzed
urine collected from inhabitants of Nikel,
Zapolyarny, and Sor-Varanger but also
from individuals living more remotely from
the Kola Peninsula nickel-producing cen-
ters. Nickel in urine is avalid index ofnick-
el exposure, providing that the chemical
identity and physiochemical properties of
the nickel compounds are taken into consid-
eration (8).
Materials and Methods
The study consists ofseparate cross-section-
al population-based studies following a
common protocol conducted on both sides
of the Norwegian-Russian border. In
Norway, the population of S0r-Varanger
municipality was studied; in Russia, the
study areas were the cities of Nikel and
Zapolyarny. Comparison groups were sam-
pled in Troms0, Norway, and in Apatity,
Kirovsk, and Umba, Russia. The study was
steered by a joint Norwegian-Russian
health group established in 1992.
Study areas andstudypopulations. Sor-
Varanger municipality in Finnmark county is
situated in the northeastern part ofNorway,
north of the Arctic circle around the 70th
parallel. In 1994, about 9,800 people lived in
Sor-Varanger, halfofthem in the administra-
tive center of Kirkenes (Fig. 2). Apart from
Kirkenes and Bjornevatn, the population is
spread among minor settlements. The local
iron smelting industry in Kirkenes, which
was closed down in 1997, did not emit nick-
el. The eastern part ofthe municipalityshares
a border with Russia, which follows a river
along the majority ofits stretch. The Russian
nickel industrial city ofNikel lies only about
10 km east ofthis river, at the same latitude
andaltitude as Svanvik (Fig. 2).
The Sor-Varanger study was conducted
from May to October 1994. All adults
between 18 and 69 years ofage were invited
to participate. After one reminder, 3,671
people (59.4%) joined the study (Table 1).
The relatively low attendance rate was to a
large extent explained by low participation
among young males. A written informed
consent form was signed by all participants.
The invitation procedure and enrollment
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Figure 1. Map ofthe area, including the cities of Nikel,Zapolyarny, and Monchegorsk,which feature nickel refining.
have previously been described in more
detail (9).
Nikel and Zapolyarny are situated at
the Kola Peninsula, about 10 and 40 km
from the Norwegian border, respectively
(Figs. 1,2). Nickel refining constitutes the
major industry in both cities. The cities are
densely built, and very few of the 23,000
(Nikel) and 25,000 (Zapolyarny) inhabi-
tants live outside the city centers. Most
people live and work locally. In Nikel, the
refinery is situated in the northern part of
the city, whereas the Zapolyarny plant lies
about 1 km east ofthe cityhouses.
In these cities, the study was conducted
from November 1994 to April 1995, after
the S0r-Varanger study. Samples of adults
18-69 years of age were invited in each
place: 4,000 out of 15,065 eligible persons
in Nikel and 4,026 out of 16,542 in
Zapolyarny. After three reminders, 1,788
(44.7%) and 1,941 (48.2%) participated,
respectively (Table 1). As in S0r-Varanger,
participation was highest among women
and in the older age groups. The sampling
and invitation procedure on the Russian
side had to be adjusted to local Russian
conditions because the local registers for
these cities were not properly updated for
effective use. It was therefore decided to
sample on the basis of residency. Thus, a
certain number of preexisting city zones
were selected, and all inhabitants of these
zones living in five- and nine-story build-
ings were invited. Thesebuildings consist of
one, two, and three living room flats of
equal standard; almost all inhabitants,
regardless of socioeconomic status, live in
buildings such as these. In Nikel, four out
of seven city zones were selected, corre-
sponding to 58 apartment buildings. In
Zapolyarny, residents of 54 buildings were
invited from four out of eight zones. This
method ofsampling was judged as not giv-
ing any selection bias because housing con-
ditions are very homogenous throughout
both cities and the city areas are too small
to be subject to any important concentra-
tion gradient for pollution. Because ofpre-
vious Russian experiences that yielded low
response rates when invitations were given
by mail, all participants were invited per-
sonally by two trained field workers. In this
way, all residents of each sampled apart-
ment building were registered; thus, it was
possible to calculate correct response rates.
A written informed consent form was
signed by the Russian participants prior to
screening.
The Russian comparison cities of
Apatity (70,000 inhabitants) and Kirovsk
(35,000 inhabitants) are situated very dose
to each other in the center of the western
section of the Kola Peninsula and can
almost be regarded as one entity (Fig. 1).
The cities have no nickel industry, but are
industrial cities featuring apatite mining
and production. The sampling strategy in
these cities was the same as for Nikel and
Zapolyarny; participation rates are given in
Table 1. Surveys were performedApril and
May 1995 in Apatity and October and
November 1995 in Kirovsk.
The nickel refinery ofMonchegorsk lies
about 25 km north ofApatity and Kirovsk,
hence they cannot be regarded as free from
environmental nickel pollution. For the
nickel measurements, we decided to indude
an additional comparison group from the
village of Umba (about 3,700 inhabitants),
which is located 120 km southeast of
Monchegorsk and is spared from any indus-
trial pollution. In February 1996, urine
specimens were collected from 20 adults
randomly picked from a building identical
to thosecanvassed in Nikel andZapolyarny.
The Norwegian comparison city of
Troms0 has approximately 55,000 inhabi-
tants and is situated in northern Norway at
about the same latitude as S0r-Varanger; it
has no nickel-emitting industry. Participants
from Troms0 were drawn from a large pop-
ulation-based follow-up study, referred to as
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Figure 2. Map of Sor-Varanger and the adjoining
part of Russia showing estimated depositions of
nickel (in mg/m2) during the study period May
1995-April 1995. Note thatthe municipality of Sor-
Varanger encompasses the administrative center
of Kirkenes and the other Norwegian settlements
shown. Prepared by the Norwegian Institute for
Air Research.
the Tromso Study (10). A random sample
of 337 persons 25-69 years of age who
attended the fourth follow-up in March
1995 were asked to give urine specimens for
nickel determination. Urine was obtained
from 302 ofthese persons.
Health screeningprocedure. We screened
the three study populations (S0r-Varanger,
Nikel, and Zapolyarny) and Apatity to map
exposure and possible health effects from the
S02 and nickel pollution. In Kirovsk, the
screening exduded urinary nickel measure-
ments, hence no data from Kirovsk are pre-
sented here. In Troms0 and Umba, the
screening was limited to urine sampling for
nickel determination.
To be able to use the same equipment
(i.e., spirometers, computers) in both coun-
tries, the fieldwork in Russia was initiated
after the S0r-Varanger study had ended.
The fieldwork was conducted by different
teams in Norway and Russia. The co-work-
ers in Nikel and Zapolyarnywent through a
1-week training course in S0r-Varanger
where they participated in the actual survey
there. Moreover, the researcher who was in
charge of the fieldwork in S0r-Varanger
carefully supervised the field workers in the
initial phase ofthe Russian survey and also
visited the Russian teams regularly during
the whole study period to ensure that the
protocols were strictly followed. All dispos-
able equipment (i.e., syringes, needles, con-
tainers for urine samples) was supplied by
the Norwegian team.
Information about lung diseases, aller-
gies, pregnancy outcomes, work place,
Table 1. Participation rates and gender distribution ofthe Norwegian and Russian study populations
Sex
Participation Female Male
Study population Invited n(%) n(%) n(%)
Norway
S0r-Varanger 6,177 3,671 (59.4) 1,978 (53.9) 1,693(46.1)
Troms0 (control) 346 302 (87.3)a 150 (49.7) 152(50.3)
Russia
Nikel 4,000 1,788(44.7) 1,193 (66.7) 595 (33.3)
Zapolyarny 4,026 1,941 (48.2) 1,304(67.2) 637 (32.8)
Apatity(control) 1,613 682(42.3) 512(75.1) 170(24.9)
Kirovsk(control) 508 229(45.1) 142(62.0) 87 (38.0)
Umba (control) 20 20 (100.0) 8 (40.0) 12(60.0)
8Attendance rate attheTromse Study IVwas 77% (45).
housing conditions, smoking habits, and As a result oflimited analytical capacity,
social conditions was obtained from a four- not all urine samples could be analyzed. In
page questionnaire with Norwegian and S0r-Varanger, a total of902 urine specimens
Russian versions. In Norway, the question- were selected for nickel measurements. All
naire, which was sent by mail, was com- specimens collected from individuals living
pleted by the participants and brought to adjacent to the Russian border were ana-
the screening. In Russia, the participants lyzed (Fig. 2), while the numbers included
were asked the same questions in an inter- from other settlements were restricted,
view because self-administered question- although randomly selected. In Nikel,
naires are of limited reliability in Russia. Zapolyarny, and Apatity, about 25% ofthe
Apart from this, the screening procedure urine specimens were randomly selected for
was identical in S0r-Varanger and Russia: analysis (Table 2); inTroms0 and Umba, all
weight and height were measured, the par- specimens (302 and 20, respectively) were
ticipants went through spirometry testing analyzed. Altogether, nickel was determined
to determine lung function, blood was in 2,233 urinesamples.
drawn to screen for IgE-mediated allergy Tap water sampling. To evaluate drink-
(total-IgE and Phadiatop); and a subsample ing water as a source of nickel, tap water
underwent nickel allergy testing. Finally, a samples were taken from all study areas. We
spot urine specimen was collected from all collectedsamples from private homes ofpeo-
subjects at the screening to measure nickel plewejudgedto be representative ofthe par-
concentrations. ticipants in the screening. After 5 min of
Urine sampling. The urine was collect- flushing, cold water samples were collected
ed in a disposable plastic cup, and a sub- inscrew-capped nickel-free polyethylene bot-
sample (5-20 ml) was poured into a screw- tles (Zinsser; Nalge Company, Rochester,
capped 25-ml plastic container (Universal NY) without nitric acid preservation. The
Container; NUNC, Denmark). We tested bottleswerekeptunfrozen until analysis.
the plastic cups and containers for nickel Analysis ofurineandtap water. To pre-
leakage by leaching with 0.5% nitric acid; vent any risk of laboratory-acquired infec-
no detectable nickel contamination tion and to redissolve urine precipitates, all
occurred (detection limit <0.2 pg/I). After urine samples were heated for 1 hr at 95°C
sampling, the urine specimens were kept in a laboratory oven prior to analysis. To
frozen at -20°C until analysis. recover any nickel adsorbed to the inner
Table2. Urinary nickel concentrations inthe Norwegian and Russian study groups
Percentwith
Median Mean Range nickel concentration Relative
Studypopulation n (pg/I) (pg/I) (pg/I) .2.5pg/I riska CIa
Norway
Sor-Varanger 902 0.6 0.9 0.3-11.0 5.9 1.0 Reference
Tromso (control city)* 302 1.2 1.4 0.3-6.0 8.9 1.5 1.0-2.3
Russia
Nikel** 371 3.4 4.9 0.3-61.9 66.0 11.3 9.2-14.0
Zapolyarny 418 2.0 2.8 0.3-24.2 39.9 6.6 5.2-8.5
Apatity(control city) 220 1.9 2.6 0.3-17.0 38.6 5.9 4.4-8.0
Umba (control city) 20 2.7 4.0 1.0-17.0 60.0 8.9 5.4-14.7
Relative risks and 95% confidence intervals(Cl) ofconcentration >2.5pg/I,with Sor-Varanger asthe reference population.
aRelative risk and Cl ofnickel concentration 22.5pg/I, adjusted for sex and age.
*Significantly higher urinary nickel concentrations inTromse than inser-varanger IWilcoxon rank sum test;p<O.eOl.
`Significantlyhigherurinary nickel concentrations in Nikel than in both Zapolyarny(p<0.001l andApatity Ip<0.001; Wilcoxon rank sumtest).
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Figure 3. Urinary nickel levels in the Norwegian and Russian study populations. (A) Unadjusted nickel values. (B) Nickel values adjusted for urinary creatinine
concentration.
surface of the sample containers, we added
0.5 ml 65% ultrapure nitric acid to each
25-ml tap water sample 24 hr before the
nickel measurements were performed.
Nickel in urine and drinking water was
measured by electrothermal atomic absorp-
tion spectrometry employing Perkin-Elmer
Model 5100 PC/HGA-600 and Model
SIMAA 6000/THGA atomic absorption
spectrometers equipped with Zeeman-
based background correction systems
(Bodenseewerk Perkin-Elmer GmbH,
Uberlingen, Germany). All analyses were
conducted in the analytical laboratory of
the National Institute of Occupational
Health in Oslo. Calibrations (4-point cali-
bration curves) were made using aqueous
standard solutions (water) and urine-
matched standard solutions. Surface water
(SPS-SW Level 1; Spectrapure Standards
Ltd., Oslo, Norway) and human urine
Seronorm (Nycomed Ltd., Oslo, Norway)
trace element quality control materials were
used throughout the study to monitor the
accuracy and the reproducibility of the
measurements. The day-to-day variations of
the nickel measurements in these reference
materials were typically 5 and 15%, respec-
tively. The mean nickel concentrations
measured in SPS-SW1, batch 102, and
Seronorm STE 101021 were 9.6 + 0.3
[standard deviation (SD)] and 2.4 + 0.3
jig/I, respectively. This is in good agreement
with the recommended values of 10.0 and
2.5 pg/l of nickel given by the producers.
The detection limit (2 standard deviations)
ofthe method used was 0.5 pg/l ofnickel.
To enable dilution corrections, creati-
nine content was measured in all urine spec-
imens employing a Beckman Creatinine
Analyser (Beckman, Brea, CA) based on
Jaffe's method.
Occupational exposure group classifica-
tion. The Russian questionnaire provided
information about currentwork in the nickel
industry. All participants reporting current
employment in the industry were dassified
into one offour major categories: 1) major
refining plants with smelting and ore roast-
ing; 2) supporting plants with maintenance
and service functions; 3) mining; or 4) ore
milling, concentration, and flotation.
Different occupational groups were identi-
fiedwithin these categories but, unfortunate-
ly, occupational groups could not be further
defined for the individual worker with the
coding system used. The nickel content in
ore is low; thus, mining does not add signifi-
cantly to the nickel exposure in workers.
Participants from the other three categories
were included in the survey as being occupa-
tionally exposed to nickel, although the
exposure may have varied considerably
between the subgroups, with a subsequent
dilution ofapossiblehigh-exposure group.
Statistical analysis. We used the SAS
statistical software package (11). The nickel
concentration was skewed to the right and
was not suited for analytic methods that
assume a normal distribution. Values below
the detection limit of 0.5 jig/l were found
in 22.2% of the samples, and they were
assigned the nominal value 0.3 jg/I. Means
are presented despite the skewed distribu-
tion, as is common in literature on nickel in
biologic fluids. We also present the median,
which is a more proper way to give the
average nickel value. We compared nickel
levels between study areas, sexes, and age
groups with frequencyanalysis grouping the
subjects according to whether their urinary
nickel concentrations were above or below a
certain cut-off value. Stratified analyses
comparing all areas with S0r-Varanger were
done according to the Mantel-Haenszel
method (12). The relative risks obtained
were defined as the probability ofhaving an
elevated nickel concentration in the actual
population divided by the same probability
in the S0r-Varanger population. The differ-
ences between the study groups were statis-
tically significant if the 95% confidence
limits did not indude the number 1. We
also used the nonparametric Wilcoxon rank
sum test to compare groups with regard to
urinary nickel and tap waternickel.
Results
Urinary nickel concentrations differed
greatly between the Norwegian and Russian
populations, although the differences were
far less pronounced within each country
(Table 2). Residents ofNikel had the high-
est concentrations, with a mean and median
of 4.9 pg/l and 3.4 pg/I, respectively, fol-
lowed by Umba, Zapolyarny, and Apatity.
The lowest concentrations were found in
S0r-Varanger, with a mean and median of
0.9 jig/l and 0.6 jig/l, respectively.
Because of the skewed nickel distribu-
tion, frequency analysis was employed
using a cut-off value of 2.5 jig/I. While
only 5.9% ofthe S0r-Varanger samples had
values above this cut-off, 66% ofNikel res-
idents had urinary concentrations above
2.5 pg/l (Table 2). The urinary nickel dis-
tribution of each study population is
shown in Figure 3A. In the following text,
we use "elevated nickel concentration" to
refer to urinary concentrations above the
cut-offvalue of2.5 pg/l. There is no obvi-
ous best choice for a cut-off value in this
setting because there are striking differ-
ences in nickel distributions between the
study populations. The selection of 2.5
pg/I, however, provides us with a sufficient
number of cases in S0r-Varanger for mean-
ingful comparative analyses.
With S0r-Varanger as the reference pop-
ulation, relative risks ofelevated nickel con-
centrations adjusted for sex and age were
calculated for each ofthe other populations
(Table 2). All the Russian populations had
markedlyhigher risks than the S0r-Varanger
population. Living in Nikel, for instance,
implied an 11-fold excess risk of elevated
urinary nickel. The Norwegian Troms0
comparison group also exhibited a higher
risk than S0r-Varanger residents (relative
risk 1.5), although this difference was not
significant. Using the Wilcoxon rank sum
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Figure 4. Median urinary nickel concentration in the Norwegian and Russian populations for each sex,
separated into three different age groups.
test, however, the difference reached signifi-
cance (p<0.001) (Table 2). Employing the
same test, the study group in Nikel had sig-
nificantly higher urinary nickel levels than
the residents of both Zapolyarny and
Apatity, but not Umba. The small number
examined in Umba (n = 20) makes the
results more susceptible to chance variations
and reduces the statistical power. All possi-
ble comparisons between Norwegian and
Russian study groups showed significantly
higher nickel concentrations in Russia
(Wilcoxon rank sum test;p<0.001).
Dilution adjustments. Adjustments of
the nickel values for urinary creatinine
caused some alterations in the ranking of
the study populations (Fig. 3B). Nikel resi-
dents still had significantly higher nickel
values than individuals living in the other
study areas (Wilcoxon rank sum tests;
p<0.001), but Nikel was now followed by
Apatity, Zapolyarny, and Umba in the
given sequence. All Russian areas had sig-
nificantly higher adjusted nickel levels than
the Norwegian areas, except for Troms0
versus Umba.
Sex and age diferences. No significant
difference was found between men and
women with regard to distribution ofnickel
concentration below and above 2.5 pg/i
after adjustment was made for place ofresi-
dence. The distribution of median nickel
concentrations in different age groups is
shown in Figure 4 for men and women sep-
arately for all study populations except
Umba because ofthe low number ofpartici-
pants. Urinary nickel tended to decrease
with increasing age. Separate x2 tests for
trend showed a significant age-related
decrease in S0r-Varanger (p = 0.01), Troms0
(p = 0.01), and Nikel (p = 0.02) but not in
Zapolyarny (p = 0.24) orApatity (p = 0.44).
Occupational exposure. The relation-
ship between occupation and urinary nick-
el concentrations was studied in the popu-
lations of Nikel and Zapolyarny, where
17.2% and 15.2% of the participants,
respectively, were occupationally exposed
according to our classification. Results are
given in Table 3. Because high urinary
nickel levels can be expected in people with
an occupational exposure (13-15), a cut-
offvalue of 10 pg/I was chosen for the fre-
quency analysis instead of 2.5 pg/i. With
this cut-off, nickel level differences in the
upper range were tested. Urinary nickel
levels were significantly higher in workers
employed in the Nikel nickel smelter
(median 5.6 pg/i), compared to the nonoc-
cupationally exposed population in Nikel
(median 3.4 pg/I) (Table 3). Similarly,
workers in the ore-roasting plant in
Zapolyarny had increased urinary nickel
content compared to nonexposed people in
that city (medians 4.6 pg/i vs. 2.1 pg/i,
respectively) (Table 3). In workers dealing
with ore milling, concentration, and flota-
tion in the ore beneficiation plant in
Zapolyarny, the median concentration was
not increased (2.4 pg/i), but the high mean
value (6.2 pg/i) and the significant X2 test
indicated some considerably higher single
values among these workers (Table 3).
Work with maintenance and services did
not increase the urinary concentrations
either in Nikel orZapolyarny (medians 3.2
pg/i and 1.6 pg/i, respectively).
Exposurefrom tobacco smoke. Smokers
and nonsmokers were compared separately
for each place with the Wilcoxon rank sum
test, and no statistically significant differ-
ences were found.
Nickel in tap water. Tap water analysis
showed large differences in nickel levels
between the different study areas (Fig. 5).
Nikel had significantly raised nickel content
in tap water compared with the other areas
(median 68 pg/i), followed by Zapolyarny
(median 34 pg/I). Apatity (median 5.6 pg/i)
had intermediate levels, and the lowest
nickel concentrations were encountered in
Troms0, S0r-Varanger, and Umba (medi-
ans 0.2, 1.0, and 0.8 pg/i, respectively).
Discussion
We found large differences in urinary nick-
el concentrations between the Norwegian
and Russian populations; however, within-
country differences were less pronounced.
Except for the population ofNikel, vicinity
to a Russian nickel refinery could not
explain the observed contents of nickel in
urine in either country. The Norwegian
comparison group (Troms0) had higher
levels than people ofS0r-Varanger, and the
Russian comparison groups (Apatity and
Umba) did not have lower nickel excretion
than the residents ofZapolyarny.
Strengths and limitations ofthe study.
The population-based study design and the
Table3. Urinary nickel concentrations in Nikel and Zapolyarny according to occupational exposure
Nickel concentration
Occupational Mean Median Percentwith
City exposure n (pg/I) (pg/I) .10pg/1 p-Value.
Nikel Nonexposed 321 4.7 3.4 10.0 Reference
Exposed
Smelting 14 10.3 5.6 28.6 0.03
Maintenance and services 36 4.7 3.2 8.3 NS
Zapolyarny Nonexposed 375 2.7 2.1 2.1 Reference
Exposed
Ore roasting 11 5.5 4.6 18.2 <0.001
Ore milling, concentration, 8 6.2 2.4 25.0 <0.001
and flotation
Maintenance and services 24 2.1 1.6 0.0 NS
NS, notstatistically significant.
aForthe x2test, a cut-offvalue forurinary-nickel of 10pg/I was used.
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large number ofpeople examined allows us
to draw condusions about nickel levels in
the general populations that we have stud-
ied. Our data may be subject to selection
bias due to the relatively low participation
rate, especially on the Russian side. In
Russia, fewer men than women participat-
ed, which might point toward an under-
representation of certain occupational
groups at the nickel refineries in Nikel and
Zapolyarny. However, the method used to
recruit people to the study in Russia was
not likely to have influenced the results
because there is no reason to suspect signif-
icant differences in exposure status by resi-
dence location within each city. In S0r-
Varanger, the settlements in the border
area were overrepresented as a result ofthe
way urine specimens were selected for
analysis. Thus, the results do not reflect the
true population average. Subanalyses from
S0r-Varanger showed that the rural areas
dosest to the border had lower nickel levels
than the urban area of Kirkenes (9). For
our purposes, however, this heterogeneity
was not of importance because the differ-
ence across the border was of a much
greatermagnitude.
Some nickel contamination from
clothes and skin during specimen collec-
tion cannot be ruled out, and although
identical instructions were given to all par-
ticipants, differential contributions from
this source may have occurred as a result of
different nickel contents in ambient air.
Differential nickel contamination from
storage and analysis of urine, however, is
not likely to have occurred because the
same kind ofplastic containers were used
for sample collection and storage, and one
laboratory was responsible for all nickel
measurements.
Another possible source of bias is the
influence ofurine-dilution effects on nickel
concentration when spotsamples are taken.
Different methods for dilution adjustments
exist, the most common being normaliza-
tion byspecific gravity or byurinary creati-
nine (16). In our study we measured uri-
nary creatinine concentrations to allow
dilution adjustments. However, such nor-
malization introduces new bias to the
results because the elimination of creati-
nine is dependent on factors such as age,
sex, muscular mass, pregnancy, exercise,
diet, and various diseases (17). Moreover,
normalization based on urinary creatinine
may overestimate nickel concentrations in
dilute urine specimens; Sunderman et al.
(18) recommended that for random urine
specimens, creatinine-adjusted nickel con-
centrations should only be reported as a
supplement to unadjusted nickel values.
We found it appropriate to present both
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Figure5. Median nickel concentrations intapwatersamples in Norwayand Russia, 1996.
sets ofvalues to demonstrate that, like the
unadjusted nickel values, the adjusted val-
ues did not correlate well with the industri-
alpollution levels (Fig. 3).
The age trend that we observed in S0r-
Varanger, Troms0, and Nikel might well
be explained by age-dependent physiologic
changes in the kidney rather than differ-
ences in nickel exposure since the glomeru-
lar filtration rate is known to decrease sig-
nificantly with age (19). This assumption
was supported by two facts: 1) because
there were fewer individuals currently
employed in the nickel industry among
those aged 18-29 years than among those
aged 30-49 years, occupational exposure
was unlikely to explain the age trend; and
2) no significant age trend appeared in
either study population after adjustments
were madefor urinary creatinine.
Industrialpollution in the study areas.
The Geologic Survey of Norway (NGU)
has estimated annual nickel deposition in
three catchments in the Kola Peninsula,
namely, in the vicinity of Zapolyarny,
Monchegorsk, and Kirovsk; one catchment
in S0r-Varanger 35 km southwest (off-
wind) ofthe smelter in Nikel was also sur-
veyed (20). The estimates were based on
nickel concentrations in samples ofrainwa-
ter and meltwater during the year
1993-1994. The annual deposition was
estimated to be 5.3 g/m2 in the Norwegian
catchment, 434 g/m2 in Zapolyarny, 845
g/m2 in Monchegorsk, and 4.7 g/m2 in
Kirovsk. Apatity is situated dose to Kirovsk.
It is evident from these numbers that the
Umba
Kirovsk deposition is considerably lower
than in Zapolyarny, dosely resembling the
deposition in the Norwegian catchment.
According to a map of nickel concentra-
tions from the same NGU Kolaproject, the
mean annual deposition in Umba was
approximately 1 g/m2 (21). In summary,
industrial nickel emissions are high in
Zapolyarny and Monchegorsk due to the
local nickel refineries; the same is implied
for Nikel. The deposition of nickel is far
less pronounced in Apatity and S0r-
Varanger and even lower in Umba. This
pollution pattern appears to be roughly
reflected in ourtapwatersamples (Fig. 5).
Evaluation ofnickel exposure sources.
Our objectivewas to assess the impact ofthe
nickel refineries neartheNorwegian-Russian
border as a human nickel exposure source.
On the Norwegian side, the finding ofhigh-
er nickel concentrations in Troms0 than in
S0r-Varanger virtually rules out the industry
as an important source. On the Russianside,
the industrial exposure is likely to account
for a part of the high urinary nickel levels
encountered in Nikel because both the uri-
naryandthetapwaternickelaresignificantly
higher in that city. The distribution among
the othersetdements is, however, more diffi-
cult to explain. Although there were few
specimens from Umba, they dearly indicate
that nickel concentrations were high in the
Russianpopulations, regardless oflocation in
relation to nickel industrial sites. The
Russian study groups all had increased uri-
nary nickel compared to those in Norway,
and it seems reasonable to search for a
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nonindustrial country factor to explain this
national difference.
When evaluating exposure sources, the
different bioavailability ofthe specific nick-
el compounds must be considered (22). In
the occupational context, it has been
shown that exposure to soluble nickel com-
pounds yields urinary nickel concentrations
that are generally proportional to levels in
ambient air. For the relatively insoluble
nickel compounds, the air-urine relation-
ship is less strong (8,16,23). Unfortunately,
no chemical speciation of nickel com-
pounds in the Nikel and Zapolyarny emis-
sions has been undertaken. Recent studies
of occupational exposure in the nickel
refineries at Monchegorsk concluded that
relatively insoluble nickel oxides and sul-
fides are dominant species (24). However,
the specific departments surveyed featured
secondary nickel refining, but in Nikel and
Zapolyarny, primary refining is undertaken
with nickel matte as the end product.
Nevertheless, it is likely that nickel sulfate,
nickel oxides, and nickel sulfides, in combi-
nation with non-nickel particles, are repre-
sented in the smelter emissions at Nikel
and Zapolyarny, although their relative
proportions cannot be predicted.
During the winter of 1994/1995, the
mean PMIO (particulate matter <10 pm in
aerodynamic diameter) levels of nickel in
ambient air at two Norwegian monitoring
stations located close to the border were
22.5 ng/m3 and 10 ng/m3, whereas in Nikel
the level was 53.5 ng/m3 (25). The levels
recorded at these stations did not show con-
sistent seasonal variations during the years
1990-1995 (25). Occupational, environ-
mental, and biological monitoring studies
suggest that the slope value for plots ofuri-
nary nickel versus ambient nickel have val-
ues around 0.10 (pgll)l(pg/m3) for relatively
water-insoluble nickel compounds and 1.0
(pg/l)/(jig/m3) for water-soluble compounds
(16,22,24,26). Consequently, ambient nick-
el concentrations of the order of<1 jg/m3
might be expected to make only a minor
contribution to urinary nickel levels.
Indirect contributions through ingestion of
dust and tap water are likely to constitute
more meaningful environmental nickel
sources, at least for residents ofNikel.
In searching for a country factor that
could explain the different nickel levels in
Norway and Russia, we have considered
various possible nickel sources that may be
differently distributed in the two countries.
Drinking water and foodstuffs are both
important exposure sources for nickel (3),
although nickel in water is absorbed to a
greater extent than nickel in food (27).
Despite water being a good index for indus-
trial pollution in our study, the observed
drinking water concentrations could not
explain the urinary concentrations. An
exception to this was Nikel, where both tap
water and urinary nickel concentrations
were high. We also measured nickel in tap
water boiled in private Russian homes with
private cooking utensils. The nickel distrib-
ution between the study areas was the same
as for the unboiled water (unpublished
data); hence, nickel released from cooking
utensils was not important. No association
was found between consumption of locally
produced food (i.e., domestic animals,
game, berries, and fish) and urinary nickel
levels in S0r-Varanger (9); in Russia, this
information was not requested. Most ofthe
food consumed on both sides ofthe border
is, however, imported from elsewhere.
Trade of food across the border has been
very limited. We do not have sufficient
information about dietary habits in either
study population. This is unfortunate
because it may well explain some of the
national differences in urinary nickel excre-
tion. In addition, the way food is preserved
mayalso playa role.
We have already suggested an effect of
urbanization and traffic on urinary nickel
concentrations in S0r-Varanger (91. In the
Russian cities in out study, all participants
were urban dwellers; thus, on the Russian
side, the possible effect of urbanization
could not be properly studied. Urban resi-
dency may account for some ofthe nation-
al differences, given the fact that the
Russian cities have larger population densi-
ty than the city ofTroms0. Interestingly,
the difference between Troms0 levels and
Russian levels was reduced somewhat after
the urinary nickel concentrations were
adjusted for creatinine (Fig. 3).
Tobacco smoking has been regarded by
some authors as an important source of
human nickel exposure (28,29) although the
amount ofnickel in mainstream smoke has
been a topic ofsome controversy (30). The
association between nickel in urineandsmok-
ing habits in S0r-Varanger has been studied
(9), and no significant relationship was
revealed. Analyses from Nikel, Zapolyarny,
and Apatity yielded negative results as well,
and we question the significance of tobacco
smokeas asourceofnickeluptake.
In the search for exposure sources that
might explain the discrepancy between
Norway and Russia, we propose that dental
implants may play a role. Most Russian
dental implants are made from nickel-con-
taining metal alloys (31), and corrosion
with subsequent leakage of nickel to the
saliva is possible (32). In several studies,
leakage from stainless steel surgical
implants (i.e., hip prostheses) caused
increased serum and urinary nickel levels in
individuals (33-35) although a study by
Sunderman et al. (36) did not confirm this.
It was evident from these studies that the
degree of nickel leakage depended on the
qualityofthe stainless steel.
Occupational exposure. As expected,
occupational nickel exposure increased uri-
nary nickel excretion in current workers.
Because these workers constituted only a
small fraction of the population, this did
not seem to influence the results ofthe gen-
eral population in Nikel and Zapolyarny.
Considerably higher urinary levels have
been reported in occupationally exposed
workers from other nickel refineries, such as
the Falconbridge nickel reflnery in
Kristiansand, Norway (13,14), and more
recently at the refinery at Monchegorsk
(24). Several factors may account for the
difference observed: 1) different chemical
species of nickel; 2) different stages in the
refining process-workers employed in sec-
ondary refining are known to experience
higher exposures; and 3) possible dilution
ofexisting differences between exposed and
nonexposed individuals in our study
because of misclassification of the workers
occupationallyexposed to nickel.
Former studies ofnonoccupationally
exposedsubjects. No other study has, to our
knowledge, included a comparably high
number ofurine specimens for nickel mea-
surements. According to the TRACY-pro-
ject, an international project for identifying
reference intervals for concentrations of
trace elements in human blood and urine
(37), the largest study conducted so far was
Italian and included 878 adults (38). Six
Table 4. Summary table of previously reported values for background nickel concentrations in urine of
healthyoccupationally nonexposed adults
Authors Reference Country n Mean ± SD Range Units
Sunderman etal. (46) United States 34 2.0±1.5 0.5-6.0 pg/I
Kiilunen et al. (47) Finland 299 4.18a 1O.b pg/I
Elias et al. (48) France 55 1.59 ± 1.67 NS pg/g creatinine
Sunderman et al. (36) United States 44 1.5 ± 0.2 <0.5-4.6 pg/g creatinine
Minoia etal. (38) Italy 878 0.9 0.1-3.9 pg/I
Lin et al. (49) Taiwan 30 3.2± 1.7 1.2-7.8 pg/I
Abbreviations: SD, standard deviation; NS, not stated. Modified from Templeton et al.1371.
aGeometric mean.
b95th percentile.
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studies aiming to provide reference values
on urinary nickel were referred in the
TRACY protocol (Table 4). The S0r-
Varanger nickel levelswere, in general, lower
than the proposed reference values, and the
Russian levels exceeded them. To date, few
studies have focused on urinary nickel con-
centrations in environmentally exposed pop-
ulations. Astudy byHopfer et al. (39), from
the Canadian nickel refining town of
Sudbury, focused on the effects ofenviron-
mental pollution on urinary nickel excre-
tion. In spot urine samples from 22 healthy
hospital workers, the adjusted nickel levels
averaged 2.4 ± 2.1 pg/g creatinine, whereas
the mean ± SD for a control group of 43
hospital workers in Hartford, Connecticut,
was 1.5 ± 1.5 pg/g creatinine. This slight
difference, which was notstatisticallysignifi-
cant, contrasted sharply with the great dif-
ference found in tap water samples from
Sudbury and Hartford; 109 ± 46 pg/l and
0.4 ± 0.2 pg/l, respectively. It was evident
that nickel from the local tap water did not
add much to the urinary nickel levels in
Sudbury. In our study, tap water levels
seemed to be dosely related to air pollution
levels. Although Russian urinary nickel lev-
els were high regardless ofnickel content in
drinking water, in Nikel, tap water levels
seemed to reflect an environmental effect
superimposed on the country factor, since
both tap water and urinary levels were high-
er inthis city.
Odland et al. (40) studied urinary nick-
el concentrations, as well as levels ofseveral
other metals, in pregnant women and new-
borns living Nikel and S0r-Varanger in
1991-1994. Controls were taken from the
cities ofArkhangelsk, Russia, and Bergen,
Norway. Their results were consistent with
ours; the Russian urine samples had much
nickel higher contents than the Norwegian
samples, while the within-country differ-
ences were less pronounced.
Assessment ofhealth effects. An excess
risk of respiratory cancer has been shown
for employees in the nickel refining indus-
try (16,41). In nickel-exposed workers,
however, most studies have demonstrated
urinary nickel levels considerably higher
than those we observed in our study popu-
lations (13-15). An increased cancer risk is
very unlikely on both sides of the
Norwegian-Russian border at the recorded
environmental exposure levels. Actually,
cancer incidence was studied in the
Norwegian settlements dosest to the border
(Fig. 2), based on data from the Norwegian
Cancer Registry from 1970 to 1989
(42,43). No conclusions could be made
about any increased cancer risk. In Russia,
no sufficiently updated cancer registry
exists; thus, cancer incidence is difficult tO
study. Nickel allergy, which is another
important clinical effect ofnickel (44), was
also evaluated in the present project and
will be reported in aseparate publication.
Conclusions
Urinary nickel levels in our Norwegian and
Russian study populations were poorly asso-
ciated with the proximity ofresidence to the
Russian nickel refining industry. Regardless
oflocation, the Russian populations all had
significantly higher urinary nickel concen-
trations than the Norwegian groups, indi-
cating that unidentified nonindustrial expo-
sures are ofimportance. Although the popu-
lations living in the border area are very
dose geographically, they have been almost
totally isolated from one another until the
recent collapse of the Soviet Union. The
existing differences in lifestyle, dietary
habits, and socioeconomic conditions
should be studied when searching for expo-
sure sources that may explain the different
nickel levels in these two countries.
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The purpose ofthis workshop is to bring together immunologists, developmental
biologists, autoimmune specialists, epidemiologists, molecular biologists, and
toxicologists in order to define the state of the art, data gaps, and future
directions and research needed to understand the mechanistic linkand importance
ofenvironmental agents in the initiation and exacerbation ofthevarious forms of
autoimmune disease.
Topicsto be addressed include:
* Epidemiologyofautoimmune diseases
* Immunologyofautoimmune diseases
*Overviewofthe role ofenvironmental agents in autoimmune diseases
*Sensitivesubpopulations
* Role ofgenderand hormones
*Developmental vs. adult exposure to environmental agents
*Autoimmune models
* Interaction ofgenetics and environment in autoimmune diseases
* Searchforenvironmental links to autoimmune diseases
*Defining research needs and future directions
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